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Background: Children with early symptomatic psychiatric disorders such as Attention-Deficit/Hyperactivity Disorder
(ADHD) and Autism Spectrum Disorder (ASD) have been found to have high rates of motor and/or perception
difficulties. However, there have been few large-scale studies reporting on the association between Conduct Disorder
(CD) and motor/perception functions. The aim of the present study was to investigate how motor function and perception
relate to measures of ADHD, ASD, and CD.
Methods: Parents of 16,994 Swedish twins (ages nine and twelve years) were interviewed using the Autism-Tics, ADHD
and other Comorbidities inventory (A-TAC), which has been validated as a screening instrument for early onset child
psychiatric disorders and symptoms. Associations between categorical variables of scoring above previously validated
cut-off values for diagnosing ADHD, ASD, and CD on the one hand and motor and/or perception problems on the other
hand were analysed using cross-tabulations, and the Fisher exact test. Associations between the continuous scores for
ADHD, ASD, CD, and the subdomains Concentration/Attention, Impulsiveness/Activity, Flexibility, Social Interaction and
Language, and the categorical factors age and gender, on the one hand, and the dependent dichotomic variables Motor
control and Perception problems, on the other hand, were analysed using binary logistic regression in general estimated
equation models.
Results: Male gender was associated with increased risk of Motor control and/or Perception problems. Children scoring
above the cut-off for ADHD, ASD, and/or CD, but not those who were ‘CD positive’ but ‘ADHD/ASD negative’, had more
Motor control and/or Perception problems, compared with children who were screen-negative for all three diagnoses. In
the multivariable model, CD and Impulsiveness/Activity had no positive associations with Motor control and/or
Perception problems.
Conclusions: CD symptoms or problems with Impulsiveness/Activity were associated with Motor control or Perception
problems only in the presence of ASD symptoms and/or symptoms of inattention. Our results indicate that children with
CD but without ASD or inattention do not show a deviant development of motor and perceptual functions. Therefore,
all children with CD should be examined concerning motor control and perception. If problems are present, a suspicion
of ADHD and/or ASD should be raised.
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Children with Autism Spectrum Disorders (ASD) and
Attention-Deficit/Hyperactivity Disorder (ADHD) have
been shown to have high rates of motor and perception
difficulties in controlled studies [1-4]. Before the intro-
duction of the concept of ADHD, other diagnostic
terms, such as Minimal Brain Dysfunction/Damage
(MBD), were used to cover children with attention def-
icit, hyperactivity, and impulsivity. During the 1950s,
MBD was believed to result from multiple small brain
lesions and was often considered to be reflected as
motor and perception difficulties [5,6]. MBD [6] was
often regarded as a form of ‘minimal cerebral palsy’. The
currently used diagnosis of ADHD is defined in the
Diagnostic and Statistical Manual of Mental Disorders,
4th edition (DSM-IV) [7]. DSM-IV lists nine criteria for
inattention and nine criteria for hyperactivity-impulsivity
(Table 1). To be diagnosed with ADHD, six or more of
the criteria for inattention and/or six or more of the cri-
teria for hyperactivity-impulsivity should be fulfilled.
In the 1980s, Gillberg and Gillberg [8] introduced the
concept of Deficits in Attention, Motor control and Per-
ception (DAMP) to describe the coexistence/‘comorbidity’Table 1 Criteria for Attention-Deficit/Hyperactivity
Disorder (ADHD) according to Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV)
Inattention:
• Often fails to give close attention to details or makes careless
mistakes in schoolwork, work or other activities
• Often has difficulty sustaining attention in tasks or play activities
• Often does not seem to listen when spoken to directly
• Often does not follow through on instructions and fails to finish
schoolwork, chores or duties in the workplace
• Often has difficulty organizing tasks and activities
• Often avoids, dislikes, or is reluctant to engage in tasks that require
sustained mental effort
• Often loses things necessary for tasks and activities
• Is Often easily distracted by extraneous stimuli
• Is Often forgetful in daily activities
Hyperactivity/Impulsivity:
• Often fidgets with hands or feet or squirms in seat
• Often leaves seat in classroom or in other situations in which
remaining seated is expected
• Often runs about or climbs excessively in situations in which it is
inappropriate
• Often has difficulty playing or engaging in leisure activities quietly
• Is Often ‘on the go’ or Often acts as if ‘driven by a motor’
• Often talks excessively
• Often blurts out answers before questions have been completed
• Often has difficulty awaiting turn
• Often interrupts or intrudes on othersof ADHD and motor and/or perception problems, later
often subsumed under the label of Developmental Coordin-
ation Disorder (DCD) [7]. The diagnostic label of DCD is
applied to individuals who are impaired by motor coordin-
ation difficulties that interfere significantly with their aca-
demic achievements or activities in everyday life. Several
Swedish studies have shown that about half of all children
with ADHD also meet the criteria for DCD and that these
children have poorer outcomes than those with either
ADHD only or DCD only [9-11]. Children with ADHD co-
morbid with DCD have, for instance, more cognitive (in-
cluding language) problems and autistic symptoms, than
children with ADHD without DCD [12]. Children with
ASD have also been shown to have an increased risk
of motor dysfunction/DCD and perception dysfunction
[13-19]. Moruzzi et al. [20] have shown additive genetic
influences on clumsiness and autistic traits in a twin study.
Sensory-motor problems, specifically perception-action
coupling and temporal control in early infant develop-
ment, have recently been suggested to be a key component
in the progression of ASD [21]. In the Diagnostic and
Statistical Manual of Mental Disorders, 5th edition (DSM-
5) [22], sensory items have been added to the criteria for
ASD. In a recent review article, Rogers et al. [23] describe
a large number of human and animal studies providing
support for the hypothesis that individuals with ASD
might have cerebellar dysfunction and that the variability
in the degree of such dysfunction is likely to be related to
the severity of motor deficits in ASD.
Conduct Disorder (CD) is very common among chil-
dren with ADHD [24] and not uncommon among chil-
dren with ASD [25]. The most important predictors of
CD are environmental factors such as maladaptive puni-
tive parenting and parental antisocial behaviour [26-28].
Genetic factors have also been shown to be of import-
ance for CD [29]. CD and ADHD have been shown to
be associated [30]. Martin et al. [31] have shown a posi-
tive association between hyperactivity and CD. Children
with ADHD who develop CD at an early age (mostly
boys) are a clinically important group who have a high
risk of developing persistent antisocial behaviour during
adolescence [8,24].
Given the relationship between ADHD and CD, and
the motor and/or perceptual dysfunction in ADHD, it
seems likely that some of these symptoms would be
present in CD. However, some questions remain as to
whether only those children with co-occurring ADHD
and CD would demonstrate these motor and/or percep-
tual problems, as well as the clinical significance of these
symptoms in CD. We have only found a few studies de-
scribing the association between CD on one hand and
motor and/or perceptual dysfunction on the other. In a
population based follow-up study, Moffitt and Silva
assessed children of 13 years of age and compared those
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and without attention deficit disorder [32]. Children
with self-reported delinquency had more visuospatial
problems and problems with visuo-motor integration
than control children. Among children with self-
reported delinquency, the children with attention deficit
disorder had more problems with visuo-motor integration
than children without attention deficit disorder. Raine
et al. [33] studied young adults with early neuromotor
measures collected during the first year of life. They found
that subjects with a combination of early neuromotor defi-
cits and unstable family environment had the highest risk
of showing violent and criminal behaviour, but they did
not compare individuals with or without attention deficit
disorder. In a later study [34], Raine et al. showed that in-
dividuals with persistent antisocial behaviour had a higher
frequency of problems with spatial ability assessed at
three-years of age compared to controls and individuals
with non-persistent antisocial behaviour, and they made a
hypothesis that early visuospatial (right hemisphere) im-
pairments could interfere with early attachment, emotion
recognition and emotional regulation leading to antisocial
behaviour. In a study of criminal offenders, Raine et al.
[35] showed that spatial as well as verbal impairments
among these individuals were not completely attributable
to ADHD. In a study concerning difficulties with executive
planning of motor output and verbal ability among boys
aged six to twelve years, Nigg et al. [36] found that these
difficulties were better explained by ADHD-problems than
by CD or reading disability, although they did not examine
a pure group with CD without ADHD.
Clearly, more research is needed concerning the asso-
ciation between CD and motor problems/DCD and
perception difficulties. Large-scale general population
studies provide an excellent vehicle for studying such
possible associations. In an earlier published article,
we reported results including the heritability of motor
problems, perception, ADHD, ASD, and CD from a large
Swedish twin study [37].
The objectives of the present study were to examine
the distribution of problems regarding motor function
and perception and their relation to childhood neu-
ropsychiatric and behavioural problems in a large
population-based twin study, taking gender and age
into consideration. We wanted to test the hypothesis
that there is an association between CD and motor
and/or perceptual problems even among children with
CD without ADHD or ASD. We also wanted to test
the hypothesis that ADHD (with its subtypes atten-
tion deficit and hyperactivity/impulsivity) and ASD
(with its three components: rigid fixated behaviour,
difficulties with social interaction and difficulties with
communication) all are associated with motor and/or
perceptual problems.Methods
Subjects
The Child and Adolescent Twin Study in Sweden (CATSS)
is an on-going longitudinal twin study targeting all twins
born in Sweden since 1 July 1992. Parents of twins are
interviewed regarding their children’s somatic and mental
health and social environment in connection with the chil-
dren’s ninth or twelfth birthdays (CATSS-9/12). By January
2010, 8,610 parental interviews concerning 17,220 twins
had been completed, with an overall response rate of 80%
of all contacted families [37]. If one or both twins in a pair
were affected with a severe brain disorder (documented
brain damage, prevalence 0.9%, most commonly cerebral
palsy) or known chromosomal aberration (prevalence
0.1%, most commonly Down’s syndrome), then that pair
was excluded, leaving 16,994 children (8,666 boys and
6,439 girls). Of these, 10,555 were 9-year-olds, and 6,439
were 12-year-olds. Many of the twins were born prema-
turely; 29% had received neonatal care due to premature
birth. Of the children included in the study, 0.5% had a
diagnosis of mental retardation and further 0.5% attended
a special school for developmentally delayed children.
The Autism-Tics, ADHD and other Comorbidities
inventory
The Autism-Tics, ADHD and other Comorbidities (A-TAC)
inventory used in the interviews was developed (originally
for use in the Swedish twin study) with a view to screening
for all types of child and adolescent psychiatric disorders.
The items in the A-TAC are organised in theoretically
defined modules based on DSM-IV categories and criteria.
For each question the answer ‘no’ is coded as ‘0’, ‘yes, to
some extent’ is coded as ‘0.5’ and ‘yes’ is coded as ‘1’. The
A-TAC has been validated in several studies and has been
shown to be a sensitive screening tool for ASD, ADHD,
tics, learning disorders, and DCD [38,39]. It has been
shown to function equally well in both genders (Kerekes
N, Lundstrom S, Chang Z, Tajnia A, Jern P, Lichtenstein P,
Nilsson T, Anckarsäter H; Oppositional defiant disorder
and conduct disorder: neurodevelopmental predictors and
genetic background in boys and girls in a nationwide twin
study, submitted).
The ‘Motor control problem’ scale of the A-TAC initially
comprised five items. In one of the validation studies, the
item: ‘does he/she have problems with smooth coordin-
ation of movement?’ was found to have the same level of
predictive power for the clinical diagnosis of DCD as did
all the five items taken as a module score [38]. This single
item was therefore used in the present study to screen for
‘Motor control problems’. A cut-off of ≥ 0.5 was used to
define ‘DCD caseness’ (yielding a sensitivity of 0.59 and
specificity of 0.85 in the validation study) [38].
The Perception scale of the A-TAC comprises five
items, organised into one module. These five items are:
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as in connection with climbing stairs, and so on?’, ‘Does
he/she have difficulty judging distance or size?’, ‘Is he/
she oversensitive to the touch of tight clothing?’, ‘Is he/
she particularly sensitive to certain sounds/noise?’, and
‘Is he/she particularly sensitive to certain flavours,
smells, or consistencies?’ Thus, the item ‘perception’ in
the A-TAC contains questions concerning visual, audi-
tory, sensory, olfactory and gustatory perception and, to
some degree, proprio-sensibility (climbing stairs). To de-
fine ‘Perception disorder caseness’, a cut-off of ≥ 2.5
points was used (yielding a sensitivity of 0.62 and a
specificity of 0.93 in the validation study [38]). The in-
ternal consistency for the perception scale measured
by Cronbach’s α has been shown to be 0.62.
The ADHD scale of the A-TAC consists of 19 items orga-
nised into two modules/subdomains: Concentration/Atten-
tion and Impulsiveness/Activity. The scale has strong
internal consistency [37] and excellent predictive ability [38].
‘ADHD caseness’ was defined by the validated cut-off ≥ 6.0
points on the ADHD scale (yielding a sensitivity of 0.98 and
a specificity of 0.81 in the validation study). The internal
consistency for the ADHD scale (Cronbach’s α) is 0.92.
The ASD scale of the A-TAC consists of 17 items orga-
nised into three modules/subdomains: Language, Social
Interaction and Flexibility. The scale has both excellent in-
ternal consistency and predictive ability [37,38]. ‘ASD case-
ness’ was defined in accordance with the validated cut-off
≥ 4.5 points on the ASD scale (yielding a sensitivity of 0.96
and a specificity of 0.88 [38]). The internal consistency
(Cronbach’s α) for the ASD scale is 0.86.
The CD scale of the A-TAC consists of five items, with
good internal consistency [37] and excellent predictive abil-
ity. ‘CD caseness’ was defined here as a score of ≥ 2.0 (with
a sensitivity of 0.55 and a specificity of 0.98) (Kerekes N,
Lundstrom S, Chang Z, Tajnia A, Jern P, Lichtenstein P,
Nilsson T, Anckarsäter H; Oppositional defiant disorder
and conduct disorder: neurodevelopmental predictors and
genetic background in boys and girls in a nationwide twin
study, submitted). The internal consistency (Cronbach’s α)
of the CD scale is 0.61.
The main modules/subdomains of the A-TAC scales
were also analysed as continuous scale variables.
Statistical analysis
The associations of ADHD, ASD, or CD caseness on the
one hand, and DCD and Perception disorder caseness on
the other hand, were analysed using the Fisher exact test
(two-way, three-way and four-way cross tabulations). The
associations of defined continuous covariates and categor-
ical cofactors with DCD and Perception disorder were
studied using binary logistic regression analyses in General
Estimated Equation (GEE) models, and the relationship be-
tween the twins in each pair was taken into consideration.DCD and Perception disorder constituted the dichotomous
dependent variables. Gender as a co-factor had significant
odds ratios (ORs) for DCD and Perception disorder; hence
GEE models were analysed by gender. The Fisher r-to-z
transformation was used to test the significance of the dif-
ference between the Spearman correlations for prematurely
born and full term children.
Ethical consideration
The CATSS-9/12 study has ethical approval from the
Karolinska Institute Ethical Review Board: Dnr 03–672
and 2010/507-31/1.
Results
Prevalence of DCD and Perception disorder caseness by
ADHD, ASD and CD status
ADHD, ASD and, CD caseness was associated with
much higher rates of DCD and Perception disorder case-
ness (Table 2). CD caseness in itself (without concomi-
tant ADHD or ASD caseness) was not associated with
DCD or Perception problems (Table 3). DCD caseness
and Perception disorder caseness were much more com-
mon in ADHD plus ASD caseness (55% and 24%) than
in ADHD caseness ‘only’ (18% and 3%, P < 0.001). Per-
ception disorder caseness was also somewhat more com-
mon in ADHD caseness plus CD caseness than in
ADHD caseness ‘only’ (5% versus 3%, P < 0.05).
Children born prematurely have been shown to have a
higher frequency of motor delays and motor difficulties
than children born full term [40]. Since many children were
born prematurely (29%) we compared the correlations be-
tween motor/perceptual problems and caseness for ADHD,
ASD and CD for children born prematurely and children
born full term. The correlation coefficients are given in
Table 4. The only significant differences found between the
correlation coefficients were those concerning the correla-
tions between Perceptual disorder caseness and ASD case-
ness (P < 0.001), DCD caseness and CD caseness (P =
0.003) and Perceptual disorder caseness and CD caseness
(P < 0.001). For perceptual disorder caseness we found that
the correlation was stronger for full term children than for
those born prematurely. Thus omitting prematurely born
children from the analysis would strengthen the association
between perceptual problems and ASD caseness. This
shows that the strong correlations between caseness for
ADHD and ASD and having motor and/or perceptual
problems are not explicable only by the fact that many of
the children were born prematurely.
Neurodevelopmental and behavioural problems
associated with motor or perception dysfunction
Dimensional analyses with continuous A-TAC scores
were used in the binary logistic regression analyses in
GEE models and the dependence of each twin in a pair
Table 2 Cross tables showing the frequencies of Motor problems and Perception problems among children screen-positive
for Attention-Deficit/Hyperactivity Disorder (ADHD), Autism Spectrum Disorder (ASD) and Conduct Disorder (CD)
ADHD screen-
negative cases
ADHD screen-
positive cases
ASD screen-
negative cases
ASD screen-
positive cases
CD screen-
negative cases
CD screen-
positive cases
No Motor problems 14,449 1,218 15,426 249 15,143 530
94.4% 73.1% 93.7% 47.6% 92.80% 79.70%
Motor problems 854 448 1,034 274 1,177 135
5.6% 26.9% 6.3% 52.4% 7.2% 20.3%
Total 15,303 1,666 16,460 523 16,320 665
100% 100% 100% 100% 100% 100%
Cross-table significance P < 0.001 P < 0.001 P < 0.001
ADHD screen-
negative cases
ADHD screen-
positive cases
ASD screen-
negative cases
ASD screen-
positive cases
CD screen-
negative cases
CD screen-
positive cases
No Perception problems 15,230 1,478 16,369 350 16,135 585
99.5% 88.7% 99.4% 66.9% 98.9% 88.0%
Perception problems 73 188 91 173 185 80
0.5% 11.3% 0.6% 33.1% 1.1% 12.0%
Total 15,303 1,666 16,460 523 16,320 665
100% 100% 100% 100% 100% 100%
Cross-table significance P < 0.001 P < 0.001 P < 0.001
Column percentages are shown. Significances have been calculated according to Fisher’s exact test.
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was associated with an odds ratio (OR) of 1.86 (95% CI =
1.64 to 2.10) and 2.34 (95% CI = 1.77 to 3.09), in the pre-
diction of Motor control and Perception problems
respectively. Age was not associated with the risk of Motor
control or Perception problems.Table 3 Cross tables showing the frequencies of Motor and P
categories: 1. Cases screen-negative for Conduct Disorder (CD); 2
Attention-Deficit/Hyperactivity Disorder (ADHD), Autism Spectru
both ADHD and ASD but screen-positive for CD
CD screen-
negative cases
CD screen-
positive cases
No Motor problems 15,143 530
92.8% 79.7%
Motor problems 1,177 135
7.2% 20.3%
Total 16,320 665
100% 100%
Cross-table significance P < 0.001
No Perception problems 16,135 585
98.9% 88.0%
Perception problems 185 80
1.1% 12.0%
Total 16,320 665
100% 100%
Cross-table significance P < 0.001
Column percentages are shown. Cross-table significances have been calculated accIn univariable models, the A-TAC scores of ADHD,
ASD, and CD, analysed as continuous scale variables,
were significantly (P < 0.05) positively associated with
both Motor control and Perception problems in both
genders (Table 5). In the multivariable model, the CD-
score no longer showed significant positive associationserception problems among children in the following four
. Cases screen-positive for CD; 3. Cases screen-negative for
m Disorder (ASD) and CD, and 4. Cases screen-negative for
Cases screen-negative
for ADHD, ASD and CD
Cases screen-negative for ADHD
and ASD but screen-positive for CD
14,101 271
94.7% 94.8%
787 15
5.3% 5.2%
14,888 286
100% 100%
P = 1
14,839 283
99.7% 99.0%
49 3
0.3% 1.0%
14,888 286
100% 100%
P = 0.075
ording to Fisher’s exact test.
Table 4 Spearman correlations between caseness for Developmental Coordination Disorder (DCD) and perception
disorder on one hand and caseness for the different diagnoses (Attention-Deficit/Hyperactivity Disorder (ADHD),
Autism Spectrum Disorder (ASD) and Conduct Disorder (CD)) on the other for children born preterm and full term
born children
Correlations between caseness for: Children born preterm Full term born children P
DCD/ADHD rho = 0.25, n = 4,906 rho = 0.22, n = 12,016 0.12
DCD/ASD rho = 0.30, n = 4,912 rho = 0.30, n = 12,024 0.92
DCD/CD rho = 0.059, n = 4,912 rho = 0.11, n = 12,026 0.003
Perception disorder/ADHD rho = 0.25, n = 4,906 rho = 0.26, n = 12,016 0.41
Perception disorder/ASD rho = 0.42, n = 4,912 rho = 0.48, n = 12,024 < 0.001
Perception disorder/CD rho = 0.078, n = 4,912 rho = 0.21, n = 12,026 < 0.001
P = significance of the difference between the correlations for children born preterm and full term born children.
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gender.
The subdomains of ADHD (Concentration/Attention,
Impulsiveness/Activity) and the subdomains of ASD
(Language, Social Interaction and Flexibility) were ana-
lysed as continuous scale variables in a multivariable
model together with the continuous CD-score (Table 6).
In this analysis, the score of Impulsiveness/Activity and
the score of CD had no significant positive associations
with Motor control or Perception problems in either gen-
der, and the score of Social Interaction had a significant
(P < 0.05) association with Motor control problems only in
boys. The strongest positive significant association in bothTable 5 Results according to the General Estimated Equation
problems and Perception problems and scores of Attention-D
Disorder (ASD) and Conduct Disorder (CD)
BOYS Motor problems
Variable Crude measures Univariable model M
N Min to Max Mean SD. OR 95% CI O
B 95% CI B
ADHD 8,643 0 to 19 2.34 3.32 1.22d 1.20 to 1.24 1
0.20d 0.18 to 0.22 0
ASD 8,643 0 to 17 0.91 1.71 1.53d 1.46 to 1.60 1
0.42d 0.38 to 0.47 0
CD 8,643 0 to 5 0.11 0.38 1.86d 1.62 to 2.14 0
0.62d 0.48 to 0.76 −
GIRLS Motor problems
ADHD 8,310 0 to 19 1.45 2.51 1.26d 1.23 to 1.29 1
0.23d 0.21 to 0.26 0
ASD 8,310 0 to 14.5 0.55 1.14 1.70d 1.60 to 1.82 1
0.53d 0.47 to 0.60 0
CD 8,310 0 to 4.5 0.06 0.28 2.22d 1.80 to 2.72 0
0.80d 0.59 to 1.00 −
aMultivariable models are controlled for age which in univariable models was not s
B coefficients and odds ratios (OR) for the univariable model and adjusted B coeffic
intervals (CI) are shown.
b0.01 ≤ P < 0.05; c0.001 ≤ P < 0.01; d P < 0.001.
ADHD = Attention Deficit/Hyperactivity Disorder; ASD = Autism Spectrum Disorder; Cgenders was that between Flexibility and Motor control or
Perception problems (Table 6).
Discussion
This is probably the largest study ever performed on the
relationship between symptoms relating to commonly
diagnosed problems in child and adolescent psychiatry -
ADHD, ASD, and, CD - and motor control and percep-
tion problems - commonly encountered but often not
separately diagnosed, either as DCD or under any other
label. ADHD and ASD, as ascertained on the basis of
parent telephone interviews, showed strong and inde-
pendent associations with such DCD-related problems,(GEE) model concerning the associations between Motor
eficit/Hyperactivity Disorder (ADHD), Autism Spectrum
Perception problems
ultivariable modela Univariable model Multivariable model
R 95% CI OR 95% CI OR 95% CI
95% CI B 95% CI B 95% CI
.12d 1.09 to 1.15 1.38d 1.34 to 1.42 1.12d 1.06 to 1.18
.11d 0.09 to 0.14 0.32d 0.30 to 0.35 0.11d 0.06 to 0.16
.38d 1.30 to 1.46 1.92d 1.81 to 2.04 1.74d 1.60 to 1.89
.32d 0.26 to 0.38 0.65d 0.59 to 0.71 0.55d 0.47 to 0.64
.66d 0.54 to 0.80 3.12d 2.50 to 3.90 0.84 0.63 to 1.14
0.42d −0.61 to −0.23 1.14d 0.92 to 1.36 −0.17 −0.47 to 0.13
Perception problems
.15d 1.10 to 1.19 1.43d 1.37 to 1.49 1.22d 1.13 to 1.32
.14d 0.10 to 0.18 0.36d 0.32 to 0.40 0.20d 0.12 to 0.28
.48d 1.36 to 1.62 2.00d 1.82 to 2.20 1.62d 1.42 to 1.86
.40d 0.31 to 0.48 0.69d 0.60 to 0.79 0.49d 0.35 to 0.62
.60c 0.45 to 0.81 3.70d 2.79 to 4.90 0.69 0.42 to 1.13
0.50c −0.80 to −0.21 1.31d 1.03 to 1.59 −0.38 −0.87 to 0.12
ignificantly associated with the dependent variables.
ients and odds ratios for the multivariable model with their 95% confidence
D = Conduct Disorder.
Table 6 Results according to the General Estimated Equation (GEE) model concerning the associations between motor
problems and perception problems and scores of Conduct Disorder (CD) and of the subdomains of Attention-Deficit/
Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder (ASD)
BOYS Motor problems Perception problems
Variable Crude measures Univariable
model
Multivariable
model
Univariable
model
Multivariable
model
N Min to Max Mean OR 95% CI OR 95% CI OR 95% CI OR 95% CI
SD B 95% CI B 95% CI B 95% CI B 95% CI
Concentration
and Attention
8,631 0 to 9 1.24 1.89 1.47d 1.43 to 1.52 1.33d 1.27 to 1.39 1.82d 1.73 to 1.92 1.30d 1.18 to 1.43
0.39d 0.36 to 0.42 0.28d 0.24 to 0.33 0.60d 0.55 to 0.65 0.26d 0.16 to 0.36
Impulsiveness
and Activity
8,631 0 to 10 1.09 1.79 1.30d 1.27 to 1.35 0.93b 0.88 to 0.98 1.63d 1.55 to 1.71 0.97 0.88 to 1.08
0.27d 0.78 to 0.95 −0.07b −0.12 to 0.02 0.49d 0.44 to 0.53 −0.03 −0.13 to 0.08
Flexibility 8,631 0 to 5 0.31 0.67 2.38d 2.19 to 2.60 1.34d 1.18 to 1.53 4.85d 4.23 to 5.56 2.33d 1.92 to 2.83
0.87d 0.78 to 0.95 0.30d 0.17 to 0.43 1.58d 1.44 to 1.72 0.84d 0.65 to 1.04
Social Interaction 8,631 0 to 6 0.31 0.67 2.35d 2.14 to 2.58 1.18b 1.01 to 1.37 3.99d 3.50 to 4.56 1.42c 1.15 to 1.75
0.85d 0.76 to 0.95 0.16b 0.01 to 0.31 1.39d 1.25 to 1.52 0.35c 0.14 to 0.56
Language 8,631 0 to 6 0.29 0.66 2.68d 2.44 to 2.95 1.63d 1.44 to 1.84 3.98d 3.49 to 4.53 1.49d 1.23 to 1.81
0.99d 0.89 to 1.08 0.49d 0.36 to 0.61 1.38d 1.25 to 1.51 0.40d 0.21 to 0.60
CD 8,631 0 to 5 0.11 0.38 1.86d 1.62 to 2.15 0.77b 0.64 to 0.94 3.16d 2.53 to 3.94 0.94 0.70 to 1.26
0.62d 0.48 to 0.76 −0.26b −0.45 to −0.06 1.15d 0.93 to 1.37 −0.06 −0.36 to 0.23
GIRLS Motor problems Perception problems
Concentration
and Attention
8,296 0 to 9 0.73 1.43 1.54d 1.47 to 1.60 1.38d 1.29 to 1.47 1.97d 1.82 to 2.12 1.57d 1.38 to 1.77
0.43d 0.38 to 0.47 0.32d 0.25 to 0.38 0.68 0.60 to 0.75 0.45 0.33 to 0.57
Impulsiveness
and Activity
8,296 0 to 10 0.71 1.40 1.36d 1.30 to 1.42 0.95 0.88 to 1.03 1.68d 1.56 to 1.80 0.96 0.82 to 1.12
0.31d 0.26 to 0.35 −0.05 −0.13 to 0.03 0.52 0.45 to 0.59 −0.04 −0.20 to 0.11
Flexibility 8,296 0 to 5 0.16 0.45 2.99d 2.62 to 3.42 1.79d 1.50 to 2.15 4.70d 3.87 to 5.70 1.78d 1.33 to 2.37
1.10d 0.96 to 1.23 0.58d 0.40 to 0.77 1.55 1.35 to 1.74 0.58 0.29 to 0.86
Social Interaction 8,296 0 to 5.5 0.20 0.50 2.59d 2.28 to 2.93 1.17 0.95 to 1.44 4.30d 3.62 to 5.10 1.54c 1.11 to 2.14
0.95 0.83 to 1.08 0.16 −0.06 to 0.37 1.46 1.29 to 1.63 0.43 0.11 to 0.76
Language 8296 0 to 5 0.18 0.46 2.88d 2.52 to 3.30 1.54d 1.29 to 1.83 4.22d 3.42 to 5.21 1.49b 1.06 to 2.09
1.06d 0.92 to 1.19 0.43d 0.26 to 0.60 1.44 1.23 to 1.65 0.40 0.06 to 0.74
CD 8296 0 to 4.5 0.06 0.28 2.19d 1.78 to 2.69 0.65c 0.48 to 0.87 3.68d 2.77 to 4.89 0.74 0.44 to 1.22
0.78d 0.58 to 0.99 −0.43c −0.73 to −0.14 1.30 1.02 to 1.59 −0.31 −0.81 to 0.20
aMultivariable models are controlled for age which in univariable models was not significantly associated with the dependent variables.
B coefficients and ORs for the univariable model and adjusted B coefficients and ORs for the multivariable model with their 95% CI are shown.
b0.01 ≤ P < 0.05; c0.001 ≤ P < 0.01; dP < 0.001.
CD = Conduct Disorder.
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ations were established both when phenomena were stud-
ied on a categorical basis and when they were considered
from the point of view of continuous distributions. Parents
were interviewed using the A-TAC, an instrument which is
used for easy and quick detection of childhood psychiatric
problems [41]. Data from 16,994 parent interviews were
used, which gives the study good statistical power.
The hypothesis that there is an association between CD
and motor and/or perceptual problems was not supported
by our study. The results seem to indicate that there aredifferent forms of CD. One type of CD is associated with
attention deficit and/or autistic symptoms and these chil-
dren have a high frequency of motor and/or perceptual
problems indicating a more ‘organic’ kind of disturbance.
Another type of CD is associated with hyperactive and im-
pulsive behaviour and children in this group have a low
frequency of motor and/or perceptual problems and nei-
ther attention deficit nor autistic symptoms. Children with
CD without either ADHD-symptoms or autistic symptoms
also have a low frequency of motor and/or perceptual
problems. Thus motor and/or perceptual problems among
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morbid attention deficit and/or autistic symptoms which
might be of importance in efforts to find the right treat-
ment and support.
ADHD is often argued to be a heterogeneous condi-
tion with different subtypes; for example, the DAMP
subtype of ADHD with motor and perception problems
[3]. Lambek et al. [42] have described one group of chil-
dren with lower IQ and an executive function deficit,
and another group with normal IQ and no signs of an
executive function deficit but with delay aversion (diffi-
culty waiting for a reward), which can be regarded as a
kind of lack of impulse control. Our study seems to indi-
cate the existence of one group of children with high
scores of ADHD but low scores of ASD and without
Motor control or Perception problems, some of them
with high scores of Impulsiveness/Activity and CD; and
another group of children with high scores of ADHD
and ASD but with low scores of Impulsiveness/Activity
and CD and with Motor control and Perception prob-
lems. ASD has also been suggested to be heterogeneous
in the sense that the three symptom groups in the ‘triad’
of ASD, that is social interaction difficulties, communi-
cation difficulties, and behaviour symptoms, have been
shown to have limited genetic and environmental over-
lap, the so called ‘fractionable autism triad hypothesis’
[43]. Robinson et al. [43] have performed a twin study
where they could show that the majority of genetic
influences on autism-like behaviours are distinct to
each phenotypical component, thus giving support
to the ‘fractionable autism triad hypothesis’. Different
components of the ASD phenotype might be associated
with different etiologic factors. Since many studies indi-
cate that both ADHD and ASD can be regarded as het-
erogeneous conditions, we decided to analyse the
different symptoms of ADHD and ASD separately. Of
the two subdomains of ADHD (Concentration/Attention
and Impulsiveness/Activity) only Concentration/Atten-
tion had significant associations with Motor control and
Perception problems, whereas all three subdomains of
ASD (Flexibility, Social Interaction and Language) were
associated with perceptual problems in both boys and
girls and with motor problems in boys and girls, with
the exception of Social Interaction in girls.
Cerebellar function is of importance for motor func-
tion and seems to be of importance in ASD as well as in
ADHD [23,44]. The association between CD and cere-
bellar function among children without comorbid
ADHD or ASD has not been studied. A Swedish study
of regional cerebral blood flow using SPECT (Single
Photon Emission Computed Tomography) in children
with ADHD showed two different non-correlated pat-
terns; one associated with motor impairment and cogni-
tive function (low blood flow in the cerebellum andtemporal lobes relative to the basal ganglia and thal-
amus) and one associated with deviant behaviour (low
blood flow in the frontal and parietal areas) [45]. One
might hypothesise that the children in our study with a
high score of ADHD, a low score of ASD and who had
no Motor control problems may have cerebellar function
more comparable with children without a neurodevelop-
mental disorder, whereas the other group with high
scores of ADHD and ASD and with Motor control and
Perception problems may have relative cerebellar dys-
function. The first group may share some characteristics
with the group without an executive function deficit de-
scribed by Lambek et al. [42], while the other group may
share characteristics with the group with lower IQ and
an executive function deficit.
Limitations
The assessment of Motor control and Perception prob-
lems and of screen positivity for ADHD, ASD and, CD
was based on information from parent interviews. In this
study, we could not examine the children or obtain in-
formation from the teacher as in a thorough clinical as-
sessment. Depending on only one subjective source of
information is a weakness. The parents’ description of
the child’s motor and perception functions and the result
of a neurological examination of the child have been
shown to have a low to moderate degree of correlation
[46]. On the other hand, the parental interview used in
the present study, the A-TAC, has shown excellent diag-
nostic utility for identifying ADHD and fair diagnostic
utility for diagnosing DCD [39]. The study is a part of a
national twin study. Although twins are not completely
representative of the normal population in terms of
mental health problems and psychomotor development,
and some bias may be introduced by this, most studies
that have examined this issue have found no or very
small differences between twins and singletons [47].
Conclusions
Meeting criteria for CD caseness was positively associ-
ated with Motor control and/or Perception problems
only in individuals who simultaneously met criteria for
ADHD caseness and/or ASD caseness. High scores of
the continuous variables Impulsiveness/Activity or CD
in the absence of high scores of any of the variables
Concentration/Attention, Flexibility, Social Interaction,
or Language were not associated with Motor control
and/or Perception problems. Thus, CD symptoms or
problems with Impulsiveness/Activity seem to be associ-
ated with Motor control or Perception problems only in
the presence of ASD symptoms and/or symptoms of in-
attention. This seems to indicate that children with CD
without ASD or inattention do not show a deviant de-
velopment of motor and perceptual functions. Children
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http://www.jneurodevdisorders.com/content/6/1/11with CD should be examined concerning motor function
and perception, and a suspicion of attention deficit dis-
order and/or ASD should be raised if the child is found
to have motor and/or perceptual problems.
Consent
Written informed consent was obtained from the patient’s
guardian/parent/next of kin for the publication of this
report.
Abbreviations
ADHD: Attention-Deficit/Hyperactivity Disorder; ASD: Autism Spectrum
Disorder; A-TAC: The Autism-Tics ADHD and other Comorbidities inventory;
CATSS: Child and Adolescent Twin Study in Sweden; CD: Conduct Disorder;
CI: confidence interval; DAMP: Deficits in Attention Motor control and
Perception; DCD: Developmental Coordination Disorder; DSM-IV/5: Diagnostic
and Statistical Manual of Mental Disorders 4th edition/5th edition; GEE: General
Estimated Equation models; MBD: Minimal Brain Dysfunction/Damage;
OR: odds ratio; SPECT: Single Photon Emission Computed Tomography.
Competing interests
All authors declare that we have no competing interests.
Authors’ contributions
PG was responsible for the design of the study, performed statistical analyses
and drafted the manuscript. NK participated in the design of the study,
performed statistical analyses and helped to draft the manuscript. HA, PL, CG and
MR came with advice when interpreting and describing the results and helped
to draft the manuscript. All authors read and approved the final manuscript.
Author details
1Child and Adolescent Psychiatry, Department of Clinical Sciences, Lund
University, Baravägen 1C, SE-222 40 Lund, Sweden. 2CELAM (Centre for
Ethics, Law and Mental Health), University of Gothenburg, Gothenburg,
Sweden. 3Swedish Prison and Probation Services, R & D Gothenburg,
Gothenburg, Sweden. 4Department of Medical Epidemiology and
Biostatistics, Karolinska Institutet, Stockholm, Sweden. 5Gillberg
Neuropsychiatry Centre, Sahlgrenska Academy, University of Gothenburg,
Gothenburg, Sweden.
Received: 28 June 2013 Accepted: 11 April 2014
Published: 20 May 2014
References
1. Rasmussen P, Gillberg C, Waldenström E, Svenson B: Perceptual, motor
and attentional deficits in seven-year-old children: neurological and
neurodevelopmental aspects. Dev Med Child Neurol 1983, 25:315–333.
2. Hartsough CS, Lambert NM: Medical factors in hyperactive and normal
children: prenatal, developmental, and health history findings.
Am J Orthopsychiatry 1985, 55:190–201.
3. Gillberg C: Deficits in attention, motor control, and perception: a brief
review. Arch Dis Child 2003, 88:904–910.
4. Gillberg C: The ESSENCE in child psychiatry: Early Symptomatic
Syndromes Eliciting Neurodevelopmental Clinical Examinations.
Res Dev Disabil 2010, 31:1543–1551.
5. Strauss AA, Lehtinen LE: Psychopathology and Education of the Brain-Injured
Child. New York: Grune and Stratton; 1947.
6. Knobloch H, Rider R, Harper P, Pasamanick B: Neuropsychiatric sequelae of
prematurity; a longitudinal study. JAMA 1956, 161:581–585.
7. APA: Diagnostic and Statistical Manual of Mental Disorders. 4th edition.
Washington DC: American Psychiatric Association; 1994.
8. Gillberg IC, Gillberg C: Children with deficits in attention, motor control
and perception (DAMP): need for specialist treatment. Acta Paediatr
Scand 1988, 77:450–451.
9. Kadesjö B, Gillberg C: Developmental Coordination Disorder in Swedish
7-year-old children. J Am Acad Child Adolesc Psychiatry 1999, 38:820–828.
10. Gillberg C, Rasmussen P, Carlström G, Svenson B, Waldenström E:
Perceptual, motor and attentional deficits in six-year-old children.
Epidemiological aspects. J Child Psychol Psychiatry 1982, 23:131–144.11. Landgren M, Pettersson R, Kjellman B, Gillberg C: ADHD, DAMP and other
neurodevelopmental/neuropsychiatric disorders in six-year-old children.
Epidemiology and comorbidity. Dev Med Child Neurol 1996, 38:891–906.
12. Gillberg C, Kadesjo B: Why bother about clumsiness? The implications of
having developmental coordination disorder (DCD). Neural Plast 2003,
10:59–68.
13. Ghaziuddin M, Butler E, Tsai L, Ghaziuddin N: Is clumsiness a marker for
Asperger syndrome? J Intellect Disabil Res 1994, 38:519–527.
14. Manjiviona J, Prior M: Comparison of Asperger syndrome and high-
functioning autistic children on a test of motor impairment. J Autism Dev
Disord 1995, 25:23–39.
15. Ghaziuddin M, Weidmer-Mikhail E, Ghaziuddin N: Comorbidity of Asperger
syndrome: a preliminary report. J Intellect Disabil Res 1998, 42:279–283.
16. Noterdaeme M, Mildenberger K, Minow F, Amorosa H: Evaluation of
neuromotor deficits in children with autism and children with a specific
speech and language disorder. Eur Child Adolesc Psychiatry 2002,
11:219–225.
17. Freitag CM, Kleser C, Schneider M, von Gontard A: Quantitative assessment
of neuromotor function in adolescents with high functioning autism and
Asperger syndrome. J Autism Dev Disord 2007, 37:948–959.
18. Mostofsky SH, Powell SK, Simmonds DJ, Goldberg MC, Caffo B, Pekar JJ:
Decreased connectivity and cerebellar activity in autism during motor
task performance. Brain 2009, 132:2413–2425.
19. Jeste SS: The neurology of autism spectrum disorders. Curr Opin Neurol
2011, 24:132–139.
20. Moruzzi S, Ogliari A, Ronald A, Happé F, Battaglia M: The nature of
covariation between autistic traits and clumsiness: a twin study in a
general population sample. J Autism Dev Disord 2011, 41:1665–1674.
21. Whyatt C, Craig C: Sensory-motor problems in Autism. Front Integr
Neuroscience 2013, 7(51):1–12.
22. APA: Diagnostic and Statistical Manual of Mental Disorders. 5th edition.
Washington DC: American Psychiatric Association; 2013.
23. Rogers TD, McKimm E, Dickson PE, Goldowitz D, Blaha CD, Mittleman G:
Is autism a disease of the cerebellum? An integration of clinical and
pre-clinical research. Front Syst Neurosci 2013, 7:15. e-pub ahead of print.
24. Spencer TJ, Biederman J, Mick E: Attention-deficit/hyperactivity disorder:
diagnosis, lifespan, comorbidities, and neurobiology. Ambul Pediatr 2007,
7(Suppl 1):73–81.
25. Anckarsäter H, Larson T, Hansson SL, Carlström E, Ståhlberg O, Gillberg CI,
Råstam M, Gillberg C, Lichtenstein P: Child neurodevelopmental and
behavioural problems are intercorrelated and dimensionally distributed
in the general population. Open Psychiatr J 2008, 2:5–11.
26. Caspi A, Moffit TE, Morgan J, Rutter M, Taylor A, Arseneault L, Tully L, Jacobs C,
Kim-Cohen J, Polo-Tomas M: Maternal expressed emotion predicts children’s
antisocial behaviour problems: using monozygotic-twin differences to identify
environmental effects on behavioural development. Dev Psychol 2004,
40:149–161.
27. Stanger C, Dumenci L, Kamon J, Burstein M: Parenting and children’s
externalizing problems in substance-abusing families. J Clin Child Adolesc
Psychol 2004, 33:590–600.
28. Loeber R, Stouthamer-Loeber M: Family factors as correlates and predictors
of juvenile conduct problems and delinquency. In Crime and Justice, Volume
7. Edited by Tonry M, Morris N. Chicago IL: University of Chicago Press;
1986:219–339.
29. Rhee SH, Waldman ID: Genetic and environmental influences on
antisocial behaviour: a meta-analysis of twin and adoption studies.
Psychol Bull 2002, 128:490–529.
30. Levy F, Hay D, Bennett K, McStephen M: Gender differences in ADHD
subtype comorbidity. J Am Acad Child Adolesc Psychiatry 2005,
44:368–376.
31. Martin NC, Levy F, Piek J, Hay DA: A genetic study of attention deficit
hyperactivity disorder, conduct disorder, oppositional defiant disorder
and reading disability: aetiological overlaps and implications. Int J Dis
Dev Ed 2006, 53:21–34.
32. Moffitt TE, Silva PA: Self-reported delinquency, neuropsychological deficit,
and history of attention deficit disorder. J Abnorm Child Psychol 1988,
16:553–569.
33. Raine A, Brennan P, Mednick B, Mednick SA: High rates of violence,
crime, academic problems, and behavioral problems in males with both
early neuromotor deficits and unstable family environments.
Arch Gen Psychiatry 1996, 53:544–549.
Gustafsson et al. Journal of Neurodevelopmental Disorders 2014, 6:11 Page 10 of 10
http://www.jneurodevdisorders.com/content/6/1/1134. Raine A, Yaralian PS, Reynolds C, Venables PH, Mednick SA: Spatial but not
verbal cognitive deficits at age 3 years in persistently antisocial
individuals. Dev Psychopathol 2002, 14:25–44.
35. Raine A, Moffitt TE, Caspi A, Loeber R, Stouthamer-Loeber M, Lynam D:
Neurocognitive impairments in boys on the life-course persistent antisocial
path. J Abnorm Psychol 2005, 114:38–49.
36. Nigg JT, Hinshaw SP, Carte ET, Treating JJ: Neuropsychological correlates
of childhood attention-deficit/hyperactivity disorder: explainable by
comorbid disruptive behavior or reading problems? J Abnorm Psychol
1998, 107:468–480.
37. Anckarsäter H, Lundström S, Kollberg L, Kerekes N, Palm C, Carlström E,
Långström N, Magnusson PK, Halldner L, Bölte S, Gillberg C, Gumpert C,
Råstam M, Lichtenstein P: The Child and Adolescent Twin Study in
Sweden (CATSS). Twin Res Hum Genet 2011, 14:495–508.
38. Larson T, Anckarsäter H, Gillberg C, Ståhlberg O, Carlström E, Kadesjö B,
Råstam M, Lichtenstein P, Gillberg C: The autism-tics, AD/HD and other
comorbidities inventory (A-TAC): further validation of a telephone interview
for epidemiological research. BMC Psychiatry 2010, 10:1.
39. Cubo E, Sáez Velasco S, Delgado Benito V, Ausin Villaverde V, Garcia Soto
XR, Trejo Gabriel Y, Galan JM, Martin Santidrian A, Macarron JV, Cordero
Guevara J, Benito-Leon J, Louis ED: Psychometric attributes of the Spanish
version of A-TAC screening scale for autism spectrum disorders.
Ann Pediatr 2011, 75:40–50.
40. Connors Lenke M: Motor outcomes in premature infants. Newborn Infant
Nurs Rev 2003, 3:104–109.
41. Hansson SL, Svanström Röjvall A, Råstam M, Gillberg C, Gillberg C,
Anckarsäter H: Psychiatric telephone interview with parents for screening
of childhood autism - tics, attention-deficit hyperactivity disorder and
other comorbidities (A-TAC): preliminary reliability and validity.
Br J Psychiatry 2005, 187:262–267.
42. Lambek R, Tannock R, Dalsgaard S, Trillingsgaard A, Damm D, Thomsen PH:
Validating neuropsychological subtypes of ADHD: how do children with
and without an executive function deficit differ? J Child Psychol Psychiatry
2010, 51:895–904.
43. Robinson EB, Koenen KC, McCormick MC, Munir K, Hallett V, Happé F,
Plomin R, Ronald A: A multivariate twin study of autistic traits in 12-year-olds:
testing the fractionable autism triad hypothesis. Behav Genet 2012, 42:245–255.
44. Fatemi SH, Aldinger KA, Ashwood P, Bauman ML, Blaha CD, Blatt GJ,
Chauhan A, Chauhan V, Dager SR, Dickson PE, Estes AM, Goldowitz D, Heck
DH, Kemper TL, King BH, Martin LA, Millen KJ, Mittleman G, Mosconi MW,
Persico AM, Sweeney JA, Webb SJ, Welsh JP, Schneider M, von Gontard A:
Consensus paper: pathological role of the cerebellum in autism.
Cerebellum 2012, 11:777–807.
45. Gustafsson P, Thernlund G, Ryding E, Rosén I, Cederblad M: Associations
between cerebral blood-flow measured by single photon emission
computed tomography (SPECT), electro-encephalogram (EEG), behaviour
symptoms, cognition and neurological soft signs in children with
attention-deficit hyperactivity disorder (ADHD). Acta Paediatr 2000,
89:830–835.
46. Gustafsson P, Svedin CG, Ericsson I, Lindén C, Karlsson MK, Thernlund G:
Reliability and validity of the assessment of neurological soft-signs in
children with and without attention-deficit-hyperactivity disorder.
Dev Med Child Neurol 2010, 52:364–370.
47. Evans DM, Martin NG: The validity of twin studies. GeneScreen 2000, 1:77–79.
doi:10.1186/1866-1955-6-11
Cite this article as: Gustafsson et al.: Motor function and perception in
children with neuropsychiatric and conduct problems: results from a
population based twin study. Journal of Neurodevelopmental Disorders
2014 6:11.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
